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Population |ll Stars

Theory predicts the existence of Population [l (Poplll)
stars:

* First stars to form in the Universe.

* Primordial compositions: only containing H, He and
traces of L.

* Presumed to be very Massive ({M,) 2 100 M)
* Different IMF to Popl/Popll stars?
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Theory predicts the existence of Population [l (Poplll)
stars:

* First stars to form in the Universe.

* Primordial compositions: only containing H, He and
traces of L.

Presumed to be very Massive ((M*) > 100 M@)
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* Different IMF to Popl/Popll stars?
* Not found in the present day Universe




Population |ll Stars

Theory predicts the existence of Population [l (Poplll)
stars:

* First stars to form in the Universe.

* Primordial compositions: only containing H, He and
traces of L.

* Presumed to be very Massive ((M*) > 100 M@)

* Different IMF to Popl/Popll stars?
* Not found in the present day Universe _1
% Yet to be observed e,

9\&”&4,
5 y . 51-0;
Y SEL R AR GER) UNIVERSITY OF
" 2% B8° W Durham EG)
K University 5



Population |ll Stars

Theory predicts the existence of Population [l (Poplll)
stars:

* First stars to form in the Universe.

* Primordial compositions: only containing H, He and
traces of L.

* Presumed to be very Massive ((M*) > 100 MQ)

* Different IMF to Popl/Popll stars?
* Not found in the present day Universe -
* Yet to be observed L

* Needed for galaxy evolution (i.e. to produce metals
for future star formation) theories
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Signature of Pop. Il Stars: Hell4A1640
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* Due to large mass, Pop. Il
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Signature of Pop. Il Stars: Hell4A1640

* Due to large mass, Pop. Il
stars have the potential to
completely ionise He.

x Hell11640
recombination line possible
signature.

* HARMONI on the ELT
maybe able to detect this
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Signature of Pop. Il Stars: Hell4A1640
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HARMONI

* First light general purpose
Integral Field Spectrograph
for ELT

AV-K (0.45 — 2.45um)
spectral coverage

* R=3500,7000,17000
resolutions

*60,20,10 & 4mas pixel scales
* NOAO/LTAO/SCAQ correction

* 206x152 pixel field of view
(image slicer with 32000
spaxels)
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HARMONI

* First light general purpose

Instrument Telescope Miscellaneous

Input Cube ‘ (None) Eﬂ:l\ Telescope: a Subtract Background ]
. — . —  Return Object Cube M
Output Dir \I‘_JOutput_cubes 2 ‘ AO Mode: ‘ A ‘ —
_ _ Return Transmission Cube ]
DIT [s] 900 | Zenith Seeing [arcsec]: 0.67 ’
NINT ’ ' i ( | e
‘,1 ’ Zenith Angle [deg] ‘_0 ’ No. of processors (1-32) ’31 ’
X Scale [mas ' | _ -
[ ] |_20 | Noise Seed ‘ ~ ‘
Y Scale [mas] ‘.20 ’ User PSF (replaces AO choice) ‘ (None) @‘
» . Set Spec Samp [A/pix] ’ ’
Telescope Temperature [K]: "280.5 ’ -

Grating ‘ - ‘ | . .
‘Commence Simulation‘ ——  Additional PSF Blur [mas]: ’.0 |

(image slicer with 32000 X -

spaxels)
All of which is simulated with HSIM (see Zieleniewski et al., 2015)
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HARMONI

* First light general purpose

Instrument 1eous

. HARMONI wavelength ..

) = lbe ]
S _ range. O 45 < 1 <245 .
g < < //tm on Cube O]

DIT [s] |'9DO Zenith seeing larcsec]: ‘0 67
NINT ' -

11 |  Zenith Angle [deg] 0 No. of processors (1-32) 31
X Scal ' |

] b 20 | Noise Seed A

Y Scale [mas] |20 | User PSF (replaces AO choice) (None) | [E3

Set Spec Samp [A/pix]

Grating Telescope Temperature [K]: |i280_5 ‘

Commence Simulation Additional PSF Blur [mas]: ‘0—|

(image slicer with 32000 X -

spaxels)
All of which is simulated with HSIM (see Zieleniewski et al., 2015)
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HARMONI

* First light general purpose

Instrument 1eous

. HARMONI wavelength ..

. : be O

Output Dir B0 O 45 A{ 2 45 ! ]

ra n g e < < //tm on Cube ]

DIT [s] |ﬁ | £enitn 5eeing [arcsec]: |0 67 N

NINT 11 | Zenith Angle [deg] 0 \ No. of processors (1-32) 31

X Scale [mas] |20 :

scaemel Hell41640 f S
‘& e O r \pix] ‘ ’
Grating :
0 |

3<z<10-0.656 <1< 1.8um"

(image slicer with 32000 ; ¥ -
spaxels)

All of which is simulated with HSIM (see Zieleniewski et al., 2015)

333‘ % ’-”’"Q, N.
e RN S UNIVERSITY OF T~
Lot 5 %%% - W Durham ENGeeY: 0N RAL & sy ===
= 3 University & - U A:;r'o nomy Technology Centre | ==
s




NewHorizon Simulation

* New cosmological Hydrodynamical
+ N-Body simulation

* Run from z~45 to z~0.7 with a
volume of 20MPc

* Use the Adaptive Mesh Refinement
code RAMSES (Teyssier, 2002).

* Includes: Gas, Dark Matter, Stars
particles, Black Holes, star
formation, stellar feedback and AGN
feedback.

* |t has a maximum spatial resolution
of Ax ~ 35pc and a mass resolution
of 2 x 10° M,

*See Dubois et al., in prep and
references within

10 Comoving Mpc
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Modelling Observations of Pop. Il stars
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY
simulations using the
predicted SEDs

2)Select galaxies from the
NewHorizon Simulation

* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY *>50% Pop. Il stars
simulations using the
predicted SEDs

2)Select galaxies from the
NewHorizon Simulation

* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY *>50% Pop. Il stars

simulations using the *Half Mass Radius < 1kpc
predicted SEDs

2)Select galaxies from the
NewHorizon Simulation

* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY *>50% Pop. Il stars
simu!ations using the *Half Mass Radius < 1kpc
predicted SEDs *Mean Pop. lll age <2 X 10° Myr

2)Select galaxies from the
NewHorizon Simulation

* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY *>50% Pop. Il stars
simu!ations using the *Half Mass Radius < 1kpc
predicted SEDs *Mean Pop. lll age <2 X 10° Myr

2)Select galaxies from the
NewHorizon Simulation

3)Identity each star* as either
Poplll or Popll

* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY N | =
simulations using the T Steﬂamgo104Myr:§ﬂ;

predicted SEDs T |

n
_ED 1031 L

2)Select galaxies from the Z o |

Eionisation of H
isirigle 1onisation of He

NewHorizon Simulation 102 | Edoulbld;? ionisation‘of He | |
3) ldentity each star® as either o o 10’ 10’ 10°
)\cnuttcd [A]
Poplll or Popll SEDs from Zackrisson et al., 2016

4) Combine CLOUDY runs with
NewHorizon to produce
observable objects.

* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY ol 1] | =)
simulations using the T | Stellrage = 1OME | — room |
predicted SEDs T, 0 L
. o0 1031 | 1onisation of H
2) Select galaxies from the Zy» || | singleionisation of He
NewHorizon Simulation s { idoubl¢ ionisation of He
: * ' 102 10° 10* 10° 10°
3) ldentify each star® as either N [A]

Poplll or Popll

4)Combine CLOUDY runs with 1=

NewHorizon to produce T Lya  Hell11640

. °< 42 |
observable objects. i /
& |

EDs from Zackrisson et al., 2016
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* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,
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Modelling Observations of Pop. Il stars

1)Run grid of CLOUDY el L] | =
simulations using the T Stellerese = 0NN — v |

predicted SEDs T D
. o0 1031 | 1onisation of H
2) Select galaxies from the S | single ionisation of He

NewHorizon Simulation 10% | édoulbld;? ionisation‘of He | |
3) ldentity each star® as either B o 10’ 10’ 10°
)\enntted [A]
POp| ” or POp” EDs from Zackrisson et al., 2016

4)Combine CLOUDY runs with 1=
NewHorizon to produce

']

Lya  Hell11640 |

observable objects. §10 ’ /
5)Observe the simulation £ /
using HSIM £ Pv—
10401000 12‘00 14‘00 16‘00 18‘00 00

AA
* stars in the simulation are in fact star particles with mass of 10* < M, < 10°M,




Observing Pop. Ill Stars
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Recovered Galaxy Spectrum

102

White Dashed Contour: X, > 1 M
White Solid Contour: 2, > 100 Mg

Grisdale et al., in prep
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Recovered Galaxy Spectrum
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Grisdale et al., in prep
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Recovered Galaxy Spectrum
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Can Hell1640 be observed?
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Can Hell1640 be observed?

10 Hour observation with HSIM
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Can Hell1640 be observed?

Grisdale et al., in prep
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Can Hell1640 be observed?
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Observations at Multiple Redshifts
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Observations at Multiple Redshifts
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Impact of IMF
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Impact of IMF: Poplll.2

* 6 of 8 galaxies still
oroduce HellA1640 but
In all cases the line
strength is weaker.
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Impact of IMF: Poplll.2

* 6 of 8 galaxies still
oroduce HellA1640 but
In all cases the line
strength is weaker.

* Only 4 of the 8 are now
observable.
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Impact of IMF: Poplll.2
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Impact of IMF: Poplll.K

* Some galaxies produce 0
extremely weak emission

lines. ¢
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Impact of IMF: Poplll.K

* Some galaxies produce 0
extremely weak emission

lines. ¢
* However none are = 107
observable. S o
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Detection Requirements
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Detection Requirements
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Detection Requirements

*  Fpeax = 1071%ergs~! cm™2 arcsec™
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Detection Requirements
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Summary

7
4 IS
CsIC

Take aways:

* Using High-res cosmological simulations, and HSIM it is possible to model
observations of the Poplll for a given IMF and set of SEDs.

* |f the IMF of Pop. Ill stars is top heavy they will be detectable in observations
via the HellA1640 emission line for 3 < z < 10.

* If Pop. Il stars follow a “traditional” IMF they are unlikely to be observed via the

Hell11640 emission line at any z.
* Morphology of such galaxies is unlikely to be resolved.
* Emissions form galaxies need to have a Fjqp, > 10~ ergs~! cm™2 arcsec™,

Foeak! Foont, > 1.4 and 20 < FWHM < 100km s™! to be detectable.

Still to come:

* “Observing” Hell411640 in multiple galaxies at a given redshifts. Does Size/
morphology etc. matter?

2

* What impact does AGN have on the Pop. Il signal.
* Will observations provide constraints on Poplll IMFs?
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Near-IR Save
Spectroscopy the
with the ELTs ,, date!
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Resolved Stellar
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Science cases
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For details sign up to https://forms.gle/rdha7VDjtRAUYMUNS
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